Light-promoted precise spatial control of target molecules on surfaces is crucial in the development of novel bioanalytical, diagnostic, or sensor tools. Proteins, DNA fragments, peptides and antibodies, [1][2] [3] [4] [5] [6] as well as hydrogels, [7] have been immobilized and patterned using a number of photochemical methods, such as thiol-yne, [8] thiol-ene, [9] azide-yne (by photoreduction of copper II), [10] terazole-ene, [11] photo-triggered Diels-Alder reaction, [12] Paterno-Buchi reaction, [13] and some other chemistries capable of photo-triggered formation of reactive functional groups. [14] [15] [16] [17] However, most of the existing photochemical methods lead to irreversible permanent surface functionalization, limiting possible applications in the formation of materials and surfaces with dynamic and responsive properties or reusable 2 functionalities. Reversible surface functionalization methods can be applied to introduce, exchange, or remove a functionality and, thus, generate "smart" surfaces and patterns.
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Examples of possible applications of such dynamic surfaces are reusability of substrates, possibility to perform "write and erase" procedures (i.e., rewritable surfaces), formation of complex, multi-component and gradient patterns, capture-and-release properties, and the possibility of in-situ manipulation of local environments.
To the best of our knowledge, only two photo-induced reversible patterning strategies have been reported so far. Popik et al. [18] showed that reactive o-naphthoquinone methides (oNQMs) produced under UV light from 3-(hydroxymethyl)-2-naphtholcould react with surface thiol groups to yield thioether conjugates, which could be subsequently cleaved by a secondary UV irradiation to regenerate surface thiol groups. [18] In a recent publication, Anseth et al. described the use of allyl sulfides incorporated into a hydrogel to achieve reversible modification with thiol-containing biomolecules. [19] Here, we present a new reversible photo-patterning strategy based on a photo-induced disulfide exchange reaction that allows for reversible photo-functionalization, patterning, as well as exchange or removal of surface functional groups (Figure 1 ).
Disulfide bonds are known to undergo reversible cleavage under basic conditions via thiol-disulfide exchange reactions through intermediate thiolate anions. [20] [21] [22] However, disulfides can also undergo dynamic exchange reactions by homolytic photo-cleavage to become sulfanyl radicals (Figure1a). This reaction was recently adopted for the synthesis of self-healing polymers. [23, 24] We hypothesized that the dynamic nature of disulfide homolysis and recombination under UV irradiation could be utilized to achieve reversible dynamic functionalization of disulfide surfaces (Figure1b). .
In order to demonstrate the reversibility of the photo-induced disulfide exchange, the reaction was repeated 20 times (10 cycles). The results shown in Figure 2b confirm perfect reversibility of the surface modification without significant change of wettability even after 20 consecutive UV-induced functionalizations are performed on the same substrate. The slight decrease of surface WCAs of both BD and CED surfaces after 20 times of modification can be attributed to the possible surface photo-oxidation, which creates hydrophilic groups such as hydroxyl group on the surface. [25] [26] [27] The SEM images of the disulfide surfaces reveal no morphological change during the esterification and disulfide exchange process (FigureS2). The chemical tolerance of surface modification and patterning methods is critical for direct patterning of non-protected biomolecules and other chemicals in sensor or bioanalytical applications. The tolerance of the surface PDDE reaction to carboxy, hydroxy, and amino groups has been evaluated. ToF-SIMS results, shown in Figure 4 , confirm the formation of both hydroxyl-and amino-patterns when 2-hydroxyethyl disulfide (HED) or 2-aminoethyl disulfide (AED) were used in the PDDE, respectively.
In conclusion, we presented a new reversible surface photo-functionalization and photopatterning strategy based on a photodynamic disulfide exchange reaction. This method allows for exchange or removal of surface functional groups and can be used to create, erase or modify existing surface patterns. This approach is very versatile, fast and can be potentially exploited in various applications and development of "smart" multi-functional surfaces. We expect this strategy to be widely used in different research fields.
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Formation of the disulfide surface
The carboxyethyl-disulfide surface (CED surface) was formed by esterification of CED on the HEMA-EDMA surface ( Figure S1 , the formation of micro-and nano-porous HEMA-EMDA could be found in our previous report). [2] First, 240 mg of CED were added into a 50 ml Falcon tube containing 45 ml of acetone, followed by the addition of 176.5 μL of DIC.
Then,the porous HEMA-EDMA surface was placed into the tube, and the solution was stirred with a small magnetic stirrer for 7h after the addition of 56 mg DMAP. The HEMA-EDMA surface was finally washed with ethanol and acetone, and dried by N2.
Butyl disulfide surface (BD surface) was formed by UV exchange of DBD with CED surface. To achieve this, a few drops of DBD solution (20% wt in DMF, containing 1% wt DMPAP as a photoinitiator) were added onto the CED surface, and then the surface was covered by quartz glass and irradiated under UV for 2 min. The surface was obtained after washing with acetone and drying with N2. Hydroxyethyl disulfide surface (HED surface) was formed by the same procedure with HED as the exchange disulfide. 
Photo-patterning on the disulfide surface
A few drops of disulfide solution (20% wt. in DMF with 1% wt. DMPAP, forFITCdisulfide is 10 mg/mL in DMSO containing 0.5 mg/mL DMPAP) were added to the disulfide surface, and then the surface was covered by quartz glass and irradiated under UV for 2 min with a photomask. The surface was then washed with acetone and dried by N2.
For the reverse patterning of FITC-disulfide, the disulfide surface was first flood irradiated by UV for 5 min, followed by a wash process. Then, a few drops of DBD solution were added on the surface, and the surface was irradiated under UV for 2 min with a photomask. Afterwards, the surface was washed in acetone overnight and dried by N2.
Time-of-Flight Secondary Ion Mass Spectrometry (ToF-SIMS)
Images were obtained with the TOF-SIMS 5 machine (ION-TOF GmbH, Münster, Germany). The analysis chamber was held at ∼8×10 −9 mbar during the experiment. A pulsed 25 keV Bi1 + primary ion beam was used for all image and spectral data acquisition. All data were collected in high mass resolution bunched mode. Care was taken to use a new sample area for each analysis. Figure S2 . SEM images of the HEMA-EDMA surface before and after disulfide modification.
SupplementaryFigures
No differences could be found regarding the morphology of the surface. 
